LIQUID CRYSTAL DISPLAY DEVICE 
AND METHOD OF MANUFACTURING THE SAME 

BACKGROTTND OF TWF. Tm/KNTTOW 
1. Field of the Invention 

The present invention relates to the structure of an 
electronic device such as personal computers and word processors, 
and more specifically, to a liquid crystal display (LCD) device ' 
equipped with the electronic device and a method of manufacturing a 
reflection layer in the liquid crystal display device. The present 
invention may also be applied to an electro-optical device having 
the liquid crystal display device. 

A "semiconductor device" as used herein refers to a general 
device activated by a semiconductor. Therefore, the above-noted 
liquid crystal display device and the electro-optical device also 
fall within a category of semiconductor device. For clarification, 
the terms of "liquid crystal display device" and "electro-optical ' 
device" are separately used herein. 
2. Description of the Related Arts 

Typically, a reflection type liquid crystal display device 
is known. The reflection type liquid crystal display device is more 
advantageous than a transmission type liquid crystal display device 
in that a lower power consumption may be achieved since no back 
light is used. Incidentally, the reflection type liquid crystal 
display device has been increasingly required for a direct-vision 
type display for mobile computers and video cameras. 

Fig. 20 is a schematic view showing an example of a 
conventional structure. Referring to Fig. 20, between a substrate 
10 and an opposing substrate 17 are provided switching elements 11 
such as thin film transistors, an inter layer insulating film 12, 
pixel electrodes 13, an orientated layer 14, a liquid crystal llyer 




15, the orientated layer 14, and an opposite electrode 16 in the 
stated order from the top surface of the substrate 10. Incident 
light 20 is reflected by the pixel electrodes 13 to generate a 
reflection light 21. it is to be noted that although all components 
are not shown in Fig. 20, which is a schematic view, a number of 
switching elements and a number of pixel electrodes are formed in a 
matrix on the surface of the substrate 10. 

The reflection type liquid crystal display device utilizes 
an optical modulating action of the liquid crystal to select the 
state where the incident light is reflected by the pixel electrodes 
^ to be outputted to the outside of the device and the state where the 
ji3 incident light is not outputted to the outside of the device 

thereby allowing for the light or dark indication, and a combination 
g thereof would allow an image to be displayed. Each pixel electrode 
jj IS made of a metal with high reflectivity such as aluminum, and is 
£ electrically connected to a switching element such as a thin film 
l'^ transistor. 

H Fig. 21 is a top view showing a conventional liquid crystal 

:g panel (corresponding to that shown in Fig. 20), and is a 

.'5 magnification showing a portion of a display region 22. in Fig 21 
the switching elements 11, the display region 22 consisting of the ' 
pixel electrodes 13, etc, a driver circuit 23 for driving in an X- 
direction, and a driver circuit 24 for driving in a Y-direction are 
provided on the substrate 10. 

In such a conventional arrangement in which the pixel 
electrodes made of a metal material having a high reflectivity are 
used as a reflection layer, the light reflectivity is conventionally 
limited (e.g., less than 92% for an aluminum electrode). 

Further, as shown in Fig. 21, there is a fear that light is 
leaked from a gap formed between the pixel electrodes 13 that are 
separately arranged from each other for every pixel. Therefore a 
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problem of a so-called light leaJc phenomenon occurred in which a 
reduced off resistance of the switching elements 11, occurrence of a 
Photo carrier, and the like causes charges of the pixel electrodes 
to leak, thereby reducing a liquid crystal driving voltage. 

Since the conventional reflection layer (pixel electrodes 
made of a metal material) does not provide a sufficient reflection 
and irregular reflection of light, there is a problem with a 
brightness suitable for a liquid crystal display device (in 
particular, a direct-vision-type reflection type liquid crystal 
panel). Also, in the conventional reflection layers (pixel 
electrodes), gaps between adjacent reflection layers (pixel 
electrodes) are large, thereby causing the light leak. 

Further, conventionally, such a problem has been arisen in 
Which the reflectivity of the refection layer is lowered due to 
formation of an orientated layer with a high refractive index on the 
reflection layer (electrodes made of a metal material). For 
example, in the case where an orientated layer (having the 
refractive index of 1.6) is formed on a deposited aluminum film 
(having the reflectivity of 91.6%), the reflectivity is lowered to 
87.4% in calculation, or is lowered to approximately 85 - 86% 
according to an actual experiment. Alternatively, when silver is 
used as a metal material, a silver electrode having the reflectivity 
as high as 97.6% is liable to be oxidized. Thus, the silver is 
difficult to be employed because of being difficult to be processed. 

SUMMARY OF THF T]^|.Trn.po^^ 

The present invention has been made to solve the foregoing 
problems, and therefore has an object of the present invention to 
provide a novel liquid crystal display device comprising a 
reflection layer in which incident light is reflected more 
efficiently, and a method of manufacturing the same. 
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According to one aspect of the present invention, a liquid 
crystal display device is characterized by comprising: 
a switching element formed on a substrate; 

a pixel electrode formed of a transparent conductive film, 
the electrode being connected to the switching element; and 

a reflection layer formed of a dielectric multilayer film, 
which is arranged in contact with the pixel electrode. 

According to another aspect of the present invention, a 
liquid crystal display device comprising a switching element formed 
on a substrate, a pixel electrode connected to the switching 
element, and a reflection layer, is characterized in that the pixel 
electrode is formed of a transparent conductive film, and is 
characterized in that the reflection layer formed of a dielectric 
multilayer film is provided under the pixel electrode. 

According to a further aspect of the present invention, a 
liquid crystal display device comprising a switching element formed 
on a substrate, a pixel electrode connected to the switching 
element, and a reflection layer, is characterized in that the 
switching element being connected to a capacitance, 

the capacitance comprising a common electrode formed of a 
transparent conductive film, a dielectric film on the common 
electrode, and the pixel electrode formed of a transparent 
conductive film on the dielectric film, and is characterized in that 
the reflection layer formed of a dielectric multilayer film is 
provided below the common electrode. 

In the above-mentioned structures, it is characterized in 
that the dielectric film is made of a dielectric material having a 
low refractive index, and the common electrode and the pixel 
electrode are both made of a conductive material having a high 
refractive index. 

Further, in the above-mentioned respective structures, it 



is characterized in that a liquid crystal is sealed between a pair 
of substrates, and the liquid crystal display device comprises the 
pixel electrode arranged in a matrix on one substrate, a thin film 
transistor connected to the pixel electrode, and a reflection layer. 

According to a still further aspect of the present 
invention, a method of manufacturing a liquid crystal display device 
is characterized by comprising the steps of: 

forming a switching element on a substrate; 

forming a reflection layer formed of a dielectric multilayer 
film above the switching element; and 

forming a pixel electrode formed of a transparent conductive 
film on the reflection layer. 

According to a still further aspect of the present 
invention, a method of manufacturing a liquid crystal display device 
is characterized by comprising the steps of: 

forming a switching element on a substrate; 

forming an interlayer insulating film over the switching 

element; 

forming a common electrode formed of a transparent 
conductive film on the interlayer insulating film; 

forming a reflection layer formed of a dielectric multilayer 
film on the common electrode; and 

forming a pixel electrode formed of a transparent conductive 
film on the reflection layer to form an auxiliary capacitance 
comprised of the pixel electrode, the dielectric multilayer film, 
and the common electrode. 

In the above-mentioned respective structures according to 
the manufacturing method of the present invention, it is 
characterized in that the step of forming the dielectric multilayer 
film is performed by a sputtering method or a vacuum deposit method. 

According to a still further aspect of the present 



invention, it is characterized in that a liquid crystal is sealed 
between a pair of substrates, and a liquid crystal display device 
comprises : 

a first transparent electrode formed on one substrate; 
a second transparent electrode provided on the other 
substrate ; and 

a reflection layer formed of a dielectric multilayer film. 

In the above-mentioned structure, the liquid crystal display 
device comprising the first and second transparent electrode being 
arranged in a stripe manner, and a reflection layer formed of a 
dielectric multilayer film below the second transparent electrode is 
characterized in that the liquid crystal display device has a simple 
matrix type driving system. 

According to a still further aspect of the present 
invention, a liquid crystal display device is characterized by 
comprising: 

a switching element formed on a substrate; 

a pixel electrode formed of a transparent conductive film, 
the electrode being connected to the switching element; 

a dielectric film below the pixel electrode; and 

a reflection layer made of a metal material below the 
dielectric film. 

In the above-mentioned structure, it is characterized in 
that the pixel electrode is made of a conductive material having a 
high refractive index, and the dielectric film is made of a 
dielectric material having a low refractive index. 

In the above-mentioned structure, it is characterized in 
that the pixel electrode, the dielectric film, and the reflection 
layer constitute a capacitance. 

According to a still further aspect of the present 
invention, a liquid crystal display device is characterized by 



comprising: 

a switching element formed on a substrate; 

a pixel electrode formed of a transparent conductive film, 
the electrode being connected to the switching element; 

a dielectric multilayer film below the pixel electrode; and 

a reflection layer made of a metal material below the 
dielectric multilayer film. 

In the above-mentioned respective structures, it is 
characterized in that the pixel electrode, the dielectric multilayer 
film, and the reflection layer constitute a capacitance. 

In the above-mentioned respective structures, it is 
characterized in that a potential of the reflection layer is a 
common potential. 

In the above-mentioned respective structures, it is 
characterized in that a reflecting area of the reflection layer is 
greater than an electrode area of the pixel electrode. 

In the above-mentioned respective structures, it is 
characterized in that a liquid crystal is sealed between a pair of 
substrates, and the liquid crystal display device comprises the 
pixel electrode arranged in a matrix manner on one substrate, a thin 
film transistor connected to the pixel electrode, and a reflection 
layer . 

According to a still further aspect of the present 
invention, a method of manufacturing a liquid crystal display device 
is characterized by comprising the steps of: 

forming a switching element on a substrate; 

forming a reflection layer formed of a metal material above 

the switching element; 

forming a dielectric film on the reflection layer; and 
forming a pixel electrode formed of a transparent conductive 

film on the dielectric film. 



According to a still further aspect of the present 
invention, a method of manufacturing a liquid crystal display device 
is characterized by comprising the steps of: 

forming a switching element on a substrate; 

forming a reflection layer formed of a metal material above 
the switching element; 

forming a dielectric multilayer film; and 

forming a pixel electrode formed of a transparent conductive 
film on the dielectric multilayer film. 

According to a still further aspect of the present 
invention, a method of manufacturing a liquid crystal display device 
is characterized by comprising the steps of: 

forming a switching element on a substrate; 

forming an interlayer insulating film over the switching 

element ; 

forming a reflection layer made of a metal material on the 

interlayer insulating film; 

forming a dielectric film on the reflection layer; and 
forming a pixel electrode formed of a transparent conductive 

film on the dielectric film to form an auxiliary capacitance 

comprised of the pixel electrode, the dielectric film, and the 

reflection layer. 

BRIEF DESCRIPTTnw nw THF nPAWTKj rfc; 
In the accompanying drawings: 

Fig. 1 is a sectional view showing an example of a structure 
according to Embodiment 1 of the present invention; 

Figs. 2A and 2B are sectional views showing examples of 
structures according to Embodiments 2 and 3 of the present 
invention; 

Figs. 3A to 3D are sectional views showing an example of a 
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manufacturing step according to Embodiment 1 of the present 
invention ; 

Figs. 4A to 4C are sectional views showing an example of the 
manufacturing step according to Embodiment 1 of the present 
invention: 

Fig. 5 is a sectional view showing an example of a structure 
according to Embodiment 4 of the present invention; 

Figs. 6A and 6B are sectional views showing examples of 
structures according to Embodiment 5 of the present invention; 

Fig. 7 is a sectional view showing an example of a structure 
according to Embodiment 7 of the present invention; 

Fig. 8 is a sectional view showing an example of the 
structure according to Embodiment 7 of the present invention; 

Fig. 9 is a sectional view showing an example of the 
structure of the present invention; 

Fig. 10 is a top view showing an example of the structure of 
the present invention; 

Figs. IIA to lie are sectional views showing an example of a 
manufacturing step according to Embodiment 8 of the present 
invention; 

Fig. 12 is an enlarged sectional view showing an example of 
the structure of the present invention; 

Fig. 13 is a sectional view showing an example of a 
structure according to Embodiment 9 of the present invention; 

Fig. 14 is a sectional view showing an example of a 
structure according to Embodiment 10 of the present invention; 

Figs. 15A to 15D are sectional views showing an example of a 
manufacturing step according to Embodiment 10 of the present 
invention; 

Fig. 16 is a sectional view showing an example of a 
structure according to Embodiment 11 of the present invention; 



Fig. 17 is a sectional view showing an example of the 
structure according to Embodiment 11 of the present invention; 

Figs. 18A and 18B are perspective views showing an 
appearance of an AMLCD according to Embodiment 12 of the present 
invention; 

Figs. 19A to 19F show examples of products to which the 
present invention is applied; 

Fig. 20 is a sectional view shown an example of a 
conventional structure; 

Fig. 21 is a top view showing an example of the conventional 
structure ; 

Figs. 22A to 22F show examples of products to which the 
present invention is applied; 

Fig, 23A shows a front type projector according to the 
present invention; 

Fig. 23B shows a rear type projector according to the 
present invention; 

Fig. 23C shows an example structure of a light source 
optical system and a display device in Fig. 23A or in Fig. 23B- 

Fig. 24A shows a light source optical system and display 

device ; 

Fig. 243 shows a light source optical system and display 
device ; and 

Fig. 24C shows a structure of a light source optical system 
and display device. 

PETAILEP PESC FTPTION OF PREFERRFD yiM BODiMENT.g 
Fig. 1 is a simplified sectional view showing an example of 

the structure of the present invention. 

A liquid crystal display panel of the present invention 

comprises switching elements 111, an inter layer insulating film 112, 
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dielectric multi-layer films 114 and 115, pixel electrodes 113, an 
orientated layer 116, a liquid crystal layer 117, another orientated 
layer 116 and an opposite electrode 118 formed on a substrate 110 
and under an opposite substrate 119 in the stated order. 

A first feature of the present invention resides in that a 
reflection layer that reflects incident light is constructed of 
dielectric multi-layer films. The dielectric multi-layer films are 
constructed of several to several tens layers of dielectric films 
with a low refractive index and dielectric films with a high 
refractive index which are alternately laminated. The dielectric 
multi-layer films used as the reflection layers of the present 
invention also function as the protective films for preventing 
deterioration by light. In addition, the reflection layers, i.e., 
dielectric multi-layer films, of the present invention have 
insulating property to also function as the inter layer insulating 
films . 

As to materials for the above-mentioned reflection films, 
Si02, MgFa, NasAlFe, etc. may be used for the dielectric films 114 
with a low refractive index. Possible materials used for the 
dielectric films 114 with a low refractive index, other than those, 
include an orientated layer, acrylic resin, polyimide (with 
refractive index of 1.5 to 1.6) and BCB (benzocyclobutene) , etc. As 
the dielectric films 115 with a high refractive index, Ti02, Zr02, 
TaaOg, znS, ZnSe, ZnTe, Si, Ge, y203, AI2O3 and the like may be. used. 
Materials with a high refractive index, which may be used other than 
those, include a transparent conductive film such as ITO (with 
refractive index of 1.98). 

In the present invention, however, the film thickness of the 
dielectric multi-layer films needs to be adjusted when used as the 
reflection layer so that the dielectric multi-layer film becomes X/4 
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film at the center wavelength of a required reflection wavelength 
range. The X/4 film in this specification refers to a film that 
satisfies a relation of nd = >l/4, where n is a refractive index, d 
is a film thickness, and X is a center wavelength. 

For instance, when a dielectric film with a low refractive 
index (Si02: refractive index of 1.43) is used as the reflection 
film of the present invention, the film thickness with which the 
dielectric multi-layer film becomes the >l/4 film in the visible 

light region (400 nm < X < 700 nm) is within a range of 70 nm to 122 
nm. 

Further, when a dielectric film with a high refractive index 
(Ti02: refractive index of 2.2) is used as the reflection film of 
the present invention, the film thickness with which the dielectric 
multi-layer film becomes the X/4 film in the visible light region 
(400 nm < X < 700 nm) is within a range of 45.5 nm to 79.5 nm. 

In such dielectric multi-layer films in which the film 
thicknesses of the dielectric film with a low refractive index and 
dielectric film with a high refractive index are adjusted and the 
dielectric film with a low refractive index and the dielectric film 
with a high refractive index are alternately laminated, reflected 
light are enhanced with one another by an interference effect to 
efficiently improve the reflectivity, thereby being capable of 
obtaining a wavelength region of high reflectivity. 

In regard to the number of layers of the dielectric 
multi-layer film, when each dielectric multi-layer film is made as 
the X/4 film, the relation between the number of layers of the 
dielectric multi-layer films and the maximvim reflectivity is shown 
in Table 1. Two layers consisting of a dielectric film with a low 
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refractive index as the lower layer and a dielectric film with a 
high refractive index as the upper layer are called a set of layers. 



Table 1 

Maximum reflectivity (calculated value) when the lower layer i 
interlayer insulating film 



Dielectric multi-layer 
film 

(1 set = 2 layers) 


Without orientated 
layer ( % ) 


With orientated 
layer ( % ) 


1 set (2 layers) 


32.3 


15.1 


2 sets (4 layers) 


61.4 


45.6 


3 sets (6 layers) 


80.8 


71.0 


4 sets (8 layers) 


91.0 


86.0 


5 sets (10 layers) 


95.9 


93.6 


6 sets (12 layers) 


98.2 


97.1 



Orientated layer .. .refractive index of 1.6 
Dielectric multi-layer film: 

(lower layer) dielectric film with a low refractive index... 
titanium oxide: refractive index of 2.2 

(upper layer) dielectric film with a high refractive 
index silicon oxide: refractive index of 1.46 



It says in Table 1 that the reflectivity becomes higher as 
the number of layers of the dielectric multi-layer film is 
increased. Therefore, when priority is given to high reflectivity, 
the dielectric multi-layer films are preferably laminated with three 
sets of layers (6 layers), more preferably four sets of layers (8 
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layers ) . 

On the other hand, if manufacturing cost and yield take 
precedence, the number of layers is preferably as small as possible. 
The total film thickness of the dielectric multi-layer films is also 
desirably thin, in terms of processing, for forming contact holes 
after the film formation of the dielectric multi-layer films. 

When a material of dielectric film with a low refractive 
index is used for the interlayer insulating film 112, an 
experimental result has been obtained in which the reflectivity 
hardly changes irrespective of presence or absence of the dielectric 
film 114 with a low refractive index formed in contact with the 
interlayer insulating film 112. As shown in an example of Fig. 2A, 
it is consequently preferable that a dielectric film with a low 
refractive index (such as Si02, acrylic resin and polyimide) is used 
to form an interlayer insulating film 201 covering the switching 
elements so that one layer of dielectric films 2 02 with a low 
refractive index is omitted to reduce the number of layers. 

The present invention is not limited to the structure of 
Fig. 1 as long as it takes a structure in which the dielectric 
multi-layer film is used to form the reflection layer. For example, 
such an arrangement may be employed that the pixel electrode is 
provided using a material that has transparency and conductivity and 
the dielectric multi-layer film is formed thereon. In this case, 
the film thickness of the dielectric multi-layer film must be 
considered. It is because voltage loss may take place to affect the 
threshold characteristic and quickness to response of the liquid 
crystal, depending on the thickness of the dielectric multi-layer 
film (total film thickness of 2 pim or more). Therefore, as shown in 
Fig. 1, a preferable structure is such that the reflection layer for 
reflecting incident light is comprised of the dielectric multi-layer 
film, and the pixel electrodes are provided thereon using a material 
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that has transparency and conductivity. In that case where the 
pixel electrodes are provided on the dielectric multi-layer film, 
layers laminated as many as, for example, twelve layers do not 
affect at all the threshold characteristic and quickness to response 
of the liquid crystal. 

The above pixel electrodes 113 are arranged in matrix 
through the inter layer insulating film 112 and the dielectric 
multi-layer films, and are connected to the switching elements 111 
such as thin film transistors. The pixel electrode is made up of a 
material having sufficient transparency and conductivity such as ITO 
(indium tin oxide) and Sn02 (stannic oxide). Thus, when a pixel 
electrode 215 (ITO: refractive index of 1.98) consists a part of the 
reflection layer for reflecting the incident light as shown in Fig. 
2B, the number of layers can preferably be reduced. In this case, 
the film thickness of the pixel electrode 215 is also adjusted 
within a range of 50.5 nm to 88.4 nm so that the electrode becomes 
the X/4 film. 

It has conventionally been required that a light shielding 
film such as a black mask is formed in a gap defined between the 
pixel electrodes, to thereby prevent deterioration of the switching 
elements by light. However, according to the present invention, the 
dielectric multi-layer films formed below the gap defined between 
the pixel electrodes have a function of positively shielding light 
obliquely permeated. 

Fig. 1 shows an example in which the dielectric multi-layer 
film consists of four sets of layers, i.e, eight layers in total. 
With the structure of Fig. 1, the same degree of refractive index 
has been obtained as obtained with a conventional reflection 
electrode made of a metal material. Accordingly, if the materials, 
film thickness, the number of layers of the dielectric multi-layer 
films, or the like is appropriately changed, for instance, if the 
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number of layers is changed to form the dielectric multi- layer films 
having five sets of layers (10 layers) or more, the reflection loss 
is small and the reflectivity higher than 90% may readily be 
obtained, even if the orientated layers are laminated. 

According to the present invention, provision of the 
reflection layer consisting of the above-mentioned dielectric 
multi-layer films allows to improve the efficiency in utilizing 
light in comparison with the conventional structure (in which the 
pixel electrodes made of a metal material serves as the reflection 
layers), and to suppress the lowering of reflectivity due to the 
orientated layer, which has been a problem in prior arts. With 
employment of the present invention, reflectivity of 90% or more can 
be obtained. 

Another example of the structure of the present invention is 
shown in Fig, 9. 

In Fig. 9, between a substrate 1110 and an opposite 
substrate 1119, switching elements 1111, an inter layer insulating 
film 1112, reflection layers 1113, a dielectric multi-layer film 
1114, pixel electrodes 1115, an orientated layer 1116, a liquid 
crystal layer 1117, another orientated layer 1116, and an opposite 
electrode 1118 are formed in stated order. 

In the conventional structure as shown in Fig. 20, pixel 
electrodes 13 have both functions of reflecting incident light and 
of applying electric field to a liquid crystal. Also in the 
conventional structure, it is necessary to prevent deterioration by 
light of the switching element by adding a step of forming a light 
shielding film such as a black mask or a reflection layer in the gap 
defined between the pixel electrodes. 

By contrast to such conventional structures, the present 
invention does not employ the pixel electrode as the reflection 
layer, unlike the conventional case, and the pixel electrodes 1115 
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having a function of applying electric field to the liquid crystal 
is composed of a transparent conductive film. 

As to materials of the above-mentioned pixel electrodes 
1115, materials having sufficient transparency and conductivity, for 
example, ITO (indium tin oxide) and SnOz (tin oxide) may be used for 
the pixel electrodes 1115. 

In addition, the reflection layer 1113 having a function of 
reflecting incident light is not electrically connected to the above 
pixel electrodes 1115. 

Materials for the reflection layer 1113 of the present 
invention is not particularly limited so long as a metal material 
having reflectivity. For example, white metal materials with high 
reflectivity, such as aluminum, silver, rhodium, nickel, and an 
alloy containing those as the main component, may be used. Also, 
the reflection layer having a film thickness of 5 nm or more is 
enough to sufficiently function as the reflection layer. It should 
be noted that, in the present invention, since the dielectric 
multi-layer films and the pixel electrodes are formed on the 
reflection layer, the reflection layer preferably has a thickness of 
500 nm or less when taking the flatness into consideration. 

When a white metal material having a high reflectivity is 
used as the material for the reflection layer 1113, an oxide film 
(alumina, for example) or the like may be formed on the surface of 
this reflection layer through anodic oxidation method, high-pressure 
oxidation method or thermal oxidation method. 

The first feature of the structure according to the present 
invention described above resides in that the reflection layer 1113 
for reflecting incident light 1120 is not electrically connected to 
the switching elements 1111 and the pixel electrodes 1115. 
Therefore, the pattern of the reflection layer 1113 according to the 
present invention is not necessarily the conventional matrix-like 
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pattern involving gaps as shown in Fig. 21. The occurrence of light 
leak may be therefore decreased a nd a large reflection area may ^^^^ 
jbe_5b:tarin:ed". 

However, as shown in Fig. 10, on each contact region where a 
pixel electrode 1200 and a switching element (not shown) are brought 
into contact, in accordance with dimensions of a contact hole, an 
opening 1201 having dimensions to the extent which does not cause a 
short circuit with the pixel electrode is formed. This opening is 
sufficiently smaller as compared with the conventional gap. 

If the prevention of the light leak takes precedence, as 
shown in Fig. 14, a suitable structure is such that a capacitance 
electrode 1702 is formed below the opening. Using this capacitance 
electrode 1702 together with a reflection layer 1704 and a 
dielectric film 1703, a first auxiliary capacitance 1708 may be 
formed. The capacitance electrode 1702 is formed of a conductive 
material having reflectivity and light-shielding property, and can 
fully function to shield the switching element against light. 
Consequently, although the ninnber of steps is increased as compared 
with the structure of Fig. 9, the occurrence of the light leak can 
be suppressed almost completely. Also, the capacitance electrode 
has a function of shielding electric field. 

The first feature also includes that a capacitance is formed 
with the reflection layer 1113, the pixel electrode 1115 and the 
dielectric film 1114. In the structure of the present invention, 
the reflection layer and the pixel electrode are insulated with the 
dielectric film (also called as an insulating film). As shown in an 
example in Fig. 12 (an enlarged view showing a part of Fig. 9), an 
auxiliary capacitance 1344 may be formed with a reflection layer 
1341, pixel electrodes 1338 to 1340 and a dielectric film 1342. In 
order to obtain a large capacitance by increasing the difference 
between electric potential of the pixel electrode and electric 
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potential of the reflection layer, the reflection layer is 
preferably connected to a common wiring line to have the common 
electric potential (intermediate electric potential of a video 
signal to be transmitted as data). The reflection layer may be in 
floating state (electrically-isolated state). 

The point that a material having a low refractive index is 
used as the dielectric film on the reflection layer and a material 
having a high refractive index is used as the pixel electrode to 
improve the reflectivity is also one of features of the present 
invention. To improve the reflectivity, however, the film thickness 
of the dielectric film and the pixel electrode need to be adjusted 
so that X/4 film is obtained at the center wavelength of a required 
reflection wavelength range. As will be described below, when the 
film thickness of the dielectric film with a low refractive index 
and the pixel electrode (formed of a material having a high 
refractive index) is adjusted and laminated, rays of reflected light 
enhance with one another by an interference effect to effectively 
improve the reflectivity. 

For instance, when a material having a high refractive index 
(ITO: refractive index of 1.98) is used as the above pixel electrode 
1115, the film thickness with which the dielectric multi-layer film 
becomes the X/4 film in the visible light region (400 nm < X < 700 
nm) is within a range of 50.5 nm to 88.4 nm. 

Figs. 9 and 14 show an example where the dielectric film is 
consisted of a single layer. In the structures of Figs. 9 and 14, 
the dielectric film with a low refractive index and the pixel 
electrode with a high refractive index which are adjusted in film 
thickness, respectively, are formed on the reflection layer so that 
rays of reflected light enhance with one another by an interference 
effect to obtain the reflectivity higher than that of the 
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conventional reflection electrode formed of a metal material. Even 
with employment of the structure in which orientated layers are 
laminated, reflection loss is reduced and reflectivity of 90% or 
more can be readily obtained. It is to be noted that the above 
dielectric film also functions as a protective film of the 
reflection layer. In addition, since the above dielectric film has 
an insulating property, it also functions as an inter layer 
insulating film. 

When priority is given to reflectivity, as shown in an 
example (where dielectric film comprises three layers laminated) 
shown in Fig. 13, it is preferable to laminate a dielectric 
multi-layer film 1603 on the above reflection layer. 

This dielectric multi-layer film 1603 consists of several to 
several tens layers of a dielectric film with a low refractive index 
and a dielectric film with a high refractive index which are 
alternately laminated. The dielectric multi-layer film also has a 
function as a protective film of the reflection layer. In addition, 
since the dielectric multi-layer film has an insulating property, it 
also functions as an interlayer insulating film. 

In the present invention, however, to improve the 
reflectivity in the dielectric multi-layer film, the film thickness 
of each dielectric multi-layer film needs to be adjusted so that the 
dielectric multi-layer film becomes the X/4 film at the center 
wavelength of a required reflection wavelength range. 

In the dielectric multi-layer in which the film thickness of 
the dielectric film with a low refractive index and the dielectric 
film with a high refractive index are adjusted and are alternately 
laminated, rays of reflected light enhance with one another by an 
interference effect to effectively improve the reflectivity, thereby 
being capable of obtaining a wavelength region of high reflectivity. 

Accordingly, with employment of the above arrangement of the 
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present invention, that is, when the dielectric multi-layer film is 
formed on the reflection layer or when the dielectric film with a 
low refractive index and the pixel electrode (a conductive film with 
a high refractive index) which are adjusted in its film thickness 
are laminated on the reflection layer, lowering of the reflectivity 
that has been a problem inherent in prior art can be suppressed. 

Further, in regard to the number of layers of the dielectric 
multi-layer film formed on a metal film (evaporated aluminum film), 
the relationship, when each dielectric multi-layer film is the X/4 
film, between the number of layers of the dielectric multi-layer 
film and the maximum reflectivity is shown in Table 2. 



Table 2 

Maximum Reflectivity (calculated value) When Lower Layer is 
Evaporated Al 



Dielectric multi-layer 
film 

(1 set = 2 layers) 


Without orientated 
layer ( % ) 


With orientated layer 
(%) 


1 set (2 layers) 


96.1 


94.0 


2 sets (4 layers) 


98.3 


97.3 


3 sets (6 layers) 


99.2 


98.8 


4 sets (8 layers) 


99.7 


99.5 



Orientated layer .refractive index of 1.6 
Dielectric multi-layer film 

(lower layer) dielectric film with a low refractive index... 
titanixam oxide: refractive index of 2.2 

(upper layer) dielectric film with a high refractive 
index. . .silicon oxide: refractive index of 1.46 
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♦Evaporated Al .refractive index of 0.82, absorptivity of 5.99 



In Table 2, as well as in Table 1, two layers consisting of 
a dielectric film with a low refractive index as the lower layer and 
a dielectric film with a high refractive index as the upper layer 
are called a set of layers . 

It says in Table 2 that the reflectivity becomes higher as 
the number of layers of the dielectric multi-layer film is 
increased. Accordingly, when priority is given to high 
reflectivity, the dielectric multi-layer film is laminated with two 
sets of layers (4 layers), preferably three sets of layers (6 
layers ) . 

On the other hand, if the dielectric multi-layer film is 
used as a dielectric of capacitance, the number of layers is 
preferably three to five to thin the total film thickness. Also, 
the total film thickness of the dielectric multi-layer film is 
desirably thin, in terms of processing, for forming contact holes 
for connecting the pixel electrode and the switching element after 
the film formation of the dielectric multi-layer film. Thus, if 
manufacturing cost and yield take precedence, the nximber of layers 
is preferably as small as possible. 

For instance, as shown in Figs. 6A and 6B, in order to thin 
the total film thickness of the dielectric multi-layer film, it is 
preferred that the pixel electrode (ITO: refractive index of 1.98) 
with a film thickness of a range from 50.5 nm to 88.4 nm with which 
the )c/4 film is obtained is formed on the uppermost layer of the 
dielectric multi-layer film with a low refractive index, to thereby 
reduce the number of layers. When a capacitance is formed, reduced 
number of layers results in thin total film thickness, thereby being 
capable of obtaining a large capacitance. 

It should be noted that because a pixel electrode 1604 is 
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formed on the dielectric multi-layer film 1603, layers laminated as 
many as, for example, eight layers do not affect at all the 
threshold characteristic and quiclcness to response of the liquid 
crystal • 

In the present invention, it is easy to arrange such that 
the film thickness and materials of the respective dielectric films 
are appropriately changed to selectively set the reflection 
wavelength. 

Though several methods including coating method, sputtering 
method and vacuum evaporation method are enumerated as forming 
method of the above-mentioned dielectric multi-layer film, the 
present invention is not particularly limited to those. However, 
care is needed if vacuxim drawing is performed while an organic resin 
film is exposed, since it is degasified. Incidentally, in the 
present invention, it is desirable that the dielectric multi-layer 
film is formed with a uniform film thickness. 

Embodiment 1 

In the present embodiment, a process example for forming a 
pixel matrix circuit of a reflection type LCD using the present 
invention is described with reference to Figs. 3A to 3D and 4A to 
4C. Incidentally, since the present invention is a technique 
relating to a reflection layer, the structure of a switching 
element, for example, the structure of a TFT itself is not limited 
to the present embodiment. 

Initially, a substrate 301 having an insulating surface is 
prepared. For a substrate, a glass substrate, a quartz substrate, a 
ceramics substrate, a semiconductor substrate may be used. Next, 
an underlying film (not shown) is formed on the substrate. For the 
underlying film, a silicon oxide film, a silicon nitride film, a 
silicon nitride oxide film may be used in a film thickness of a rang 
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from 100 nm to 300 run. In the present embodiment, a TEOS is used 
for a raw material, and a silicon oxide film is formed in a film 
thickness of 200 nm. It is to be noted that if it is sufficiently 
flat like a quartz substrate, the underlying film may not be 
particularly formed. 

Next, an active layer is formed on the substrate or the 
underlying film. The active layer may be formed of a crystalline 
semiconductor film (representatively, a crystalline silicon film) 
having a film thickness of a range from 20 nm to 100 nm (preferably, 
25 nm to 70 nm) . For forming the crystalline silicon film, any of 
well-known methods, for example, a laser crystallization, a thermal 
crystallization or the like may be used. However, in the present 
embodiment, a catalytic element (nickel) is added to promote the 
crystallization at a time of crystallization. This technique is 
disclosed in detail in Japanese Patent Application Laid-open No. Hei 
7-130652, Japanese Patent Application No. Hei 8-335152 and the like. 
Active layers 302 to 304 having a film thickness of 50 nm are 
obtained by patterning the crystalline silicon film in a usual 
photolithography step. Incidentally, only three TFTs are described 
in the present embodiment, but practically, a million or more TFTs 
are formed within a pixel matrix circuit. 

Next, a silicon oxide film having a film thickness of 150 nm 
is formed as a gate insulating film 305. For the gate insulating 
film 305, a silicon oxide film, a silicon nitride film, a silicon 
nitride oxide film or a laminated film of these may be used in a 
film thickness of a range from 100 nm to 300 nm. Thereafter, a film 
mainly formed of aluminum (not shown) is formed by using a target 
containing 0.2 wt% of scandium on the gate insulting film, and an 
island-like pattern which serves as a prototype of a gate electrode 
is formed by patterning. 

In the present embodiment, a technique disclosed in Japanese 
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Patent Application Laid-open No Hei 7-135318 is used. Incidentally, 
for details, the same disclosure may be referred to. 

First, an anodic oxidation is carried out in 3% of oxalic 
acid solution, while a resist mask used in patterning is remained on 
the above-mentioned island -like pattern. At this time, a formation 
current of a range from 2 mV to 3 mV is allowed to flow using a 
platinim electrode as a cathode, and an ultimate voltage is made 8 
V, Thus, porous anodic oxide films 306 to 308 are formed. 

Thereafter, an anodic oxidation is carried out in a solution 
neutralizing 3% of ethylene glycol solution of tartaric acid with 
aqueous ammonia after removing the resist mask. At this time, the 
formation current may be within a range of 5 mV to 6 mV and the 
ultimate voltage may be 100 V. Thus, fine anodic oxide films 309 to 
311 are formed. 

Then, the gate electrodes 312 to 314 are defined by the 
above-mentioned process. Incidentally, in the pixel matrix circuit, 
a gate line connecting each gate electrode at every 1 line is also 
formed at the same time when the gate electrode is formed (Fig. 3A) . 

Next, the insulating film 305 is etched using the anodic 
oxide films 306 to 311 and the gate electrodes 312 to 314 as the 
mask. Etching is carried out by dry etching method using CF4 gas. 
As a result, gate insulating films having a shape shown as 
315 to 317 are formed. 

Then, the anodic oxide films 306 to 308 are removed by 
etching, and an impurity ion obtaining mono-conductivity in this 
state is added by ion-implantation or plasma doping method. In this 
case, if the pixel matrix circuit is formed in an N-type TFT, a P 
(phosphorous) ion may be added, whereas if the pixel matrix circuit 
is formed in a P-type TFT, a B (boron) ion may be added thereto. 

Incidentally, adding process of the above-mentioned impurity 
ion is carried out by diving the step into two. A first time is 
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carried out at high accelerating voltage of about 80 keV, and 
adjustment is performed so as to set a peak of the impurity ion 
under end portions (protrusions) of the gate insulating films 315 to 
317. Then, a second time is carried out at low accelerating voltage 
of about 5 keV, and adjustment is performed so that the impurity ion 
may not be added under the end portions (protrusions) of the gate 
insulating films 315 to 317. 

Thus, source regions 318 to 320, drain regions 321 to 323, 
lightly doped drain regions (also called as LDD region) 324 to 326, 
and channel form regions 327 to 329 of TFT are formed (Fig. 3B) . 

At this time, it is preferable that impurity ions are added 
to a source/drain region at a degree so that a sheet resistance of a 
range from 300 n/square to 500 fi/square is obtained. Further, the 
lightly doped drain regions need to be optimized in correspondence 
with the performance of the TFT. Thermal treatment is conducted 
after completing the adding process of the impurity ions, and the 
activation of the impurity ions are carried out. 

Next, a silicon oxide film is formed in a film thickness of 
400 nm as a first interlayer insulating film 330, and source 
electrodes 331 to 333 and drain electrodes 334 to 336 are formed 
thereon (Fig. 3C) . Further, for the first interlayer insulating 
film, silicon oxide nitride or other insulating materials may be 
used besides a silicon oxide film. 

Incidentally, in this specification, an element formed in a 
region indicated by 343 in Fig. 3C is called a switching element 
(representatively, TFT, MIM element is also acceptable). 
Incidentally, in this specification, an interlayer insulating film 
337 and a pixel electrode which are formed later are not included in 
the structure of the switching element. 

Next, a silicon oxide film is formed in a film thickness of 
a range from 0.5 to 1 /im as a second interlayer insulating film 337. 
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Further, for the second interlayer insulating film 337, a silicon 
oxide nitride film, an organic resin film or the like may be used. 
For the organic resin film, polyimide, polyamide, polyimide-amide, 
acrylic, BCB (benzo-cyclobutene) or the like may be used. m the 
present embodiment, an acrylic film is formed in a film thickness of 
1 pm (Fig. 3D) . 

incidentally, after forming the second interlayer insulating 
film 337, flattening process such as CMP polishing may be taken 
place. It is preferable to perform the flattening process in such a 
condition that a height of the remaining irregularity (a distance 
perpendicular between a summit of a mountain and a bottom of a 
valley) is within 10% of a thickness of the pixel electrode which is 
formed later. By performing the flattening process, the film 
thickness of a dielectric multilayer film to be formed later can be 
made uniform. 

Then, a reflection layer formed of the dielectric multilayer 
film is formed on the second interlayer insulating film 337. a 
dielectric multilayer film 344 is formed by laminating several to 
several tens of dielectric films 341 with a low refractive index and 
dielectric films 342 with a high refractive index which are 
alternately laminated. Incidentally, each film thickness of the 
dielectric films need to be adjusted so that X/4 film is obtained at 
the center wavelength of a required reflection wavelength range. 

As materials to be used for the above-mentioned dielectric 
multilayer film 344, SiOj, MgF2, NaaAlFg, and the like may be used 
for the dielectric film 341 with a low refractive index, and Ti02, 
Zr02, TaaOs, ZnS, ZnSe, ZnTe, Si, Ge, Y2O3, AI2O3, and the like may be 
used for the dielectric film 342 with a high refractive index. it 
is to be noted that for other dielectric material having a low 
refractive index, an orientated layer, acrylic, polyimide 
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(refractive index of 1.5 to 1.6) may also be used. Further, a 
transparent conductive film such as ITO (refractive index of 1.98) 
may be used. 

In the present embodiment, for the dielectric film 341 with 
a low refractive index, SiOj (refractive index of 1.43) is used, and 
for the dielectric film 342 with a high refractive index, TiOz 
(refractive index of 2.2) is used. 

The film thickness of the dielectric multilayer film is 
adjusted to form the X/4 film in a visible light region (400 nm < X 
< 700 nm). The range of the film thickness of the dielectric film 
with a low refractive index (SiOj) to form the X/4 film in the 
above-mentioned visible light region is 70 nm to 122 nm. Further, 
the range of the film thickness of the dielectric film with a high 
refractive index (TiOz) to form the X/4 film in the above-mentioned 
visible light region is 45.5 nm to 79.5 nm. if adjusted to such 
film thicknesses, rays of reflected light wavelength band needed 
enhance with one another by an interference effect to effectively 
improve the reflectivity, in the present embodiment, the dielectric 
multilayer film is formed of, considering two layers of the 
dielectric film 341 with a low refractive index having a film 
thickness of 70 nm and the dielectric film 342 with a high 
refractive index having a film thickness of 50 nm to be one set with 
each other, four sets, that is, a total of eight layers (960 nm) 
(Fig. 4A) . 

It should be noted that it is needless to say that the 
present invention is not limited to the material or the film 
thickness of each dielectric film described above, and it is 
possible to employ a structure in which the film thickness or the 
material of the respective dielectric films is appropriately changed 
to selectively set the reflection wavelength. 
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Incidentally, in the present embodiment, since it is 
desircible that the film thickness of the dielectric multilayer film 
formed on the inter layer insulating film is uniformly formed, 
sputtering method which is a well-known method is used. As forming 
method of the above-mentioned dielectric multi-layer film, the 
present invention is not particularly limited to the present 
embodiment. Other methods including vacuum evaporation method, 
coating method, and the like are enumerated. 

Subsequently, the dielectric multilayer films 341 and 342 
and the inter layer insulating film 337 are etched to form contact 
holes. In the present embodiment, the dielectric multilayer film is 
wet-etched by using a hydrogen fluoride solution diluted to 1/100, 
i.e., an acid solution (Fig. 4B) . 

Then, a conductive film having transparency, that is, an ITO 
film having a film thickness of 120 nm in the present embodiment, is 
formed, and pixel electrodes 338 to 340 are formed by patterning. 
Thus, a state shown in Fig. 4C is obtained. Conventionally, a 
shielding film such as a black mask is required to be formed in a 
gap between the pixel electrodes. However, in the present 
embodiment, formation of the shielding film is not required, and the 
dielectric multilayer film formed downward of the gap between the 
pixel electrodes functions as a positive shielding to light from an 
oblique direction, thereby preventing the degradation of the 
switching element by light. 

Next, the orientated layer is formed by a well-known method, 
that is, the coating method in the present embodiment. 

As described above, the pixel matrix circuit is completed. 
Practically, a driver circuit, etc. for driving pixel TFTs is 
simultaneously formed on the same substrate. Such a substrate is 
generally called as a TFT-side substrate or an active matrix 
substrate. The active matrix substrate is referred to as a first 
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substrate in this specification. 

After the formation of the first substrate is completed, an 
opposing substrate (this substrate is referred to as a second 
substrate in this specification) in which a counter electrode is 
formed on a transparent substrate is adhered thereonto, and a liquid 
crystal layer is sandwiched therebetween. Thus, a reflection type 
LCD is completed. 

Incidentally, this cell assembling process may be carried 
out in accordance with a well-known method. Further, it is possible 
to disperse a dichroism pigment to the liquid crystal layer or to 
form a color filter on the opposing substrate. Since the kinds of 
the liquid crystal layer, presence/absence of the color filter or 
the like is changed depending upon by which mode the liquid crystal 
is driven, the operator may properly decide it. 

The reflection type LCD obtained by the above-mentioned 
forming process is shown in Fig. 1. Fig. 1 is a schematic sectional 
view of the present embodiment. 

In a liquid crystal display panel manufactured in the 
present embodiment, between a substrate 110 and an opposing 
substrate 119, a switching element 111, an inter layer insulating 
film 112, pixel electrodes 113, dielectric films 114 with a low 
refractive index, dielectric films 115 with a high refractive index, 
an orientated layer 116, a liquid crystal layer 117, an orientated 
layer 116, and a counter electrode 118 are formed on the substrate 
110 in the stated order. 

Incidentally, Fig. 1 corresponds to Figs. 3A to 3D and Figs. 
4A to 4C. The interlayer insulating film in Fig. 1 corresponds to a 
second interlayer insulating film 337 in Fig. 3D. The pixel 
electrodes 113 in Fig. 1 correspond to the pixel electrodes 338 to 
340 in Fig. 4C. The dielectric films 114 with a low refractive 
index in Fig. 1 correspond to the dielectric films 341 in Fig. 4A, 
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and the dielectric films 115 with a high refractive index in Fig. 1 
correspond to the dielectric films 342 in Fig. 4A. 

The reflective index in the present embodiment (the 
dielectric multilayer film + the orientated layer) is similar to the 
conventional (a metal thin film + the orientated layer) reflective 
index (less than 80 to 90%). As described above, the present 
embodiment shows that the dielectric multilayer film is enough 
applicable as a reflection layer in place of the metal thin film. 
Therefore, if the number of layers, material, film thickness or the 
like of the dielectric multilayer film in the present embodiment is 
appropriately changed, the reflectivity can be enhanced compared to 
the conventional one. For example, five sets (ten layers) of the 
dielectric multilayer films are employed, 93.6% of reflectivity (see 
Table 1) is obtained in calculation, and in case of six sets (twelve 
layers), 97.1% is obtained in calculation. It should be noted that 
it is easy to increase the number of layers of the dielectric 
multilayer film in the structure of the present embodiment. 

Further, although it is not shown in the present embodiment, 
the color filter may be arranged between the opposing substrate and 
the counter electrode. 

Embodiment 2 

In Embodiment 1, an example of the fabrication process is 
described in which a dielectric multilayer film consisting of eight 
layers is formed. A description will now be made of the present 
embodiment with reference to Fig. 2A, in which a dielectric material 
with a low refractive index is used as a second interlayer 
insulating film 337 to form a dielectric multilayer film consisting 
of seven layers. Until a process shown in Fig. 3C, the fabrication 
process is the same as that of the reflection type LCD shown in 
Embodiment 1. Therefore, only different portions will be described. 
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First, the structure shown in Fig. 3C is obtained using the 
same technique as that of the feibrication process shown in 
Embodiment 1, Then, for the second interlayer insulating film 337, 
a dielectric material having a low refractive index is used. In the 
present embodiment, as an interlayer insulating film 201 is formed 
an acrylic film having a film thickness of 1 ^m. 

Incidentally, in the case where the dielectric multilayer 
film that will be formed later is applicable as an insulator, such a 
structure is preferable in which a flattening process such as CMP is 
carried out to thin the film thickness of the interlayer insulating 
film 201, because the formation of the contact holes becomes easy in 
process, in particular. 

According to the present embodiment, a dielectric film with 
a high refractive index (Zr02: 50 nm in film thickness) is formed on 
the interlayer insulating film 201. Thereafter, three sets of a 
dielectric film 202 with a low refractive index (Si02: 70 nm in film 
thickness) and a dielectric film 203 with a high refractive index 
(2r02: 50 nm in film thickness), that is, a six-layer dielectric 
film having a film thickness of 720 nm is formed thereon. The 
respective film thicknesses of the dielectric films are adjusted so 
as to obtain X/4 film in a visible light region (400 rm < k < 700 
nm) . 

In the present emboddLment, as the dielectric film 202 with a 
low refractive index, Si02 (a refractive index of 1.43 and a 
thickness range from 70 nm to 122 nm) is used, while as the 
dielectric film 201 with a high refractive index, Zr02 (a refractive 
index of 2.04 and a thickness range from 49 nm to 85.8 nm) is used. 

As the dielectric material having a low refractive index 
other than Si02 employed in the present embodiment, MgF2, NaaAlFe, an 
orientated layer, acryl, or polyimide (a refractive index of 1.5 to 



32 



1.6) may be used. Further, as the dielectric film with a high 
refractive index other than ZrOj employed in the present embodiment, 
Ti02, TazOs, ZnS, Znse, ZnTe, Si, Ge, Y2O3, AI2O3 or the like may be 
used. 

Then, contact holes are formed in a similar manner as in 
Embodiment 1, and a pixel electrode 205 formed of a transparent 
conductive film is formed. The interlayer insulating film 201 
according to the present embodiment has a low refractive index. 
Thus, reflectivity can be obtained substantially equal to that in 
Embodiment 1 in which four sets of the dielectric film with a low 
refractive index and the dielectric film with a high refractive 
index are formed. 

Thereafter, an orientated layer 206 is formed thereon as in 
Embodiment 1 to prepare a first substrate (Fig. 2A) . 

This structure allows a more simple formation of the contact 
holes to be achieved, compared with Embodiment 1, while the number 
of layers and the total film thickness of the dielectric multilayer 
film may be reduced. 

Embodim^TH- ^ 

In Embodiment 1, an example of the fabrication process is 
described in which a dielectric multilayer film consisting of eight 
layers is formed. The present embodiment will be described with 
reference to Fig. 2B, in which a seven-layer dielectric multilayer 
film is formed, on which a pixel electrode is formed using a 
material having a high refractive index. Incidentally, until a 
process shown in Fig. 3C, the fabrication process is the same as 
that of the reflection type LCD shown in Embodiment 1. Therefore, 
only different portions will be described. 

First, a structure shown in Fig. 3C is obtained using the 
same technique as that of the manufacturing process shown in 
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Embodiment 1 . 

Then, three sets of a dielectric film 212 with a low 
refractive index and a dielectric film 213 with a high refractive 
index, that is, a dielectric film having six layers is formed on a 
second interlayer insulating film 337. One layer of the dielectric 
film with a low refractive index is formed thereon, thereby forming 
a dielectric multilayer film 214 having seven layers. 

In the present embodiment, three sets of the dielectric film 
with a low refractive index (SiOj: 70 nm in film thickness) and the 
dielectric film with a high refractive index {ZrOz: 50 nm in film 
thickness), that is a dielectric film having six layers is formed. 
However, it goes without saying that the present invention is not 
limited to the material, film thickness, the number of layers or the 
like according to the present embodiment. However, it is desirable 
that the respective film thicknesses of the dielectric films is 
adjusted so as to obtain X/4 film in a visible light region (400 nm 
< A. < 700 nm) in order to enhance the reflectivity efficiently. 

Then, the contact holes are formed in a similar manner as in 
Embodiment 1, and a pixel electrode 215 (60 nm in film thickness) 
formed of a transparent conductive film with a high refractive index 
is formed. Since the transparent conductive film is utilized as a 
part of a reflection layer in the present embodiment, it is 
preferable that a film thickness of the pixel electrode is adjusted 
to a range from 50.5 nm to 88.4 nm so as to obtain X/4 film in a 
visible light region (400 nm < X < 700 nm) . Such a film thickness 
allows reflectivity substantially equal to that in Embodiment 1 in 
which four sets of the dielectric film with a low refractive index 
and the dielectric film with a high refractive index are formed. 

Thereafter, an orientated layer 216 is formed thereon as in 
Embodiment 1 to prepare a first substrate (Fig. 2B). 
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with such an arrangement, while the number of layers and the 
total film thickness of the dielectric multilayer film may be 
reduced, a more simple formation of the contact holes may be 
achieved, compared with Embodiment 1 . 

Incidentally, a combination of Embodiment 2 with the present 
embodiment to further reduce the number of layers will be 
conceivable. In this case, provision of the interlayer insulating 
film, the six-layer dielectric multilayer film 214 and the pixel 
electrode 215 can obtain substantially the same reflectivity as that 
in Embodiment 1 . 

EmbodiingTH- 4 

In Embodiment 1, an example of the fabrication process is 
described in which a dielectric multilayer film consisting of eight 
layers is formed. The present embodiment will be described with 
reference to Fig. 5, in which an auxiliary capacitance is formed by 
using a pixel electrode and a dielectric multilayer film. 
Incidentally, until a process shown in Fig. 3C, fabrication process 
is the same as that of the reflection type LCD shown in Embodiment 
1. Therefore, only different portions will be described. 

First, a structure shown in Fig. 3C is obtained using the 
same technique as that of the fabrication process shown in 
Embodiment 1. 

Subsequently, three sets of a dielectric film 501 with a low 
refractive index and a dielectric film 502 with a high refractive 
index, that is, a six-layer dielectric film is formed on an 
interlayer insulating film. One layer of the dielectric film with a 
low refractive index is formed thereon, thereby forming a dielectric 
multilayer film 500. 

In the present embodiment, a common electrode 503 (a first 
transparent conductive film) made of a material having a high 
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refractive index is formed thereon, and is then patterned. One 
layer of the dielectric film with a low refractive index is formed 
thereon. After forming contact holes, a second transparent 
conductive film made of a material having a high refractive index i: 
formed again, and is then patterned, to thereby form a pixel 
electrode 504. The common electrode 503 formed of the first 
transparent conductive film is connected to a common line. 

It is preferable that the film thicknesses of the common 
electrode 503 (the first transparent conductive film) and the pixel 
electrode 504 (the second transparent conductive film), which are 
both used as parts of a reflection layer, are adjusted within a 
range from 50.5 nm to 88.4 nm so as to obtain X/4 film in a visible 
light region (400 nm < X < 700 nm) . Such a film thickness allows a 
reflectivity of 93.6% (in calculation) substantially equal to the 
case where five sets of a dielectric film with a low refractive 
index and a dielectric film with a high refractive index are formed. 

Thereafter, an orientated layer 506 is formed thereon as in 
Embodiment 1 to prepare a first substrate (Fig. 5). 

Employment of such a structure shown in Fig. 5 allows an 
auxiliary capacitance 505 to be formed by the common electrode 503 
(the first transparent conductive film), the dielectric film 501 
with a low refractive index, and the pixel electrode 504 (the second 
transparent conductive film) . This auxiliary capacitance can 
practically be sufficient in capacitance. 

incidentally, a combination of the present embodiment with 
Embodiment 2 or 3 will be conceivable. 

Embodimf^nt: 

in Embodiment 4, an example of the fabrication process is 
described in which the auxiliary capacitance is formed by using the 
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pixel electrode and the dielectric multilayer film. The present 
embodiment will be described with reference to Fig. 6A (capacitive 
configuration 1 ) , in which an auxiliary capacitance 605 is formed by 
using a pixel electrode 604, a dielectric film 601 with a low 
refractive index, and a common electrode 602 formed of a transparent 
conductive film. Incidentally, until a process shown in fig. 3c, 
the fabrication process is the same as that of the reflecting LCD 
shown in Embodiment 1, only different portions will be described. 

First, a structure shown in Fig. 3C is obtained using the 
same technique as that of the fabrication process shown in 
Embodiment 1 . 

Subsequently, a film, such as an ITO film, formed of the 
first transparent conductive film is formed and patterned to obtain 
the common electrode 602 which is then covered to form the 
dielectric film 601 with a low refractive index. This process is 
repeated twice, to form a reflection layer. 

Then, the contact holes are then formed, in the structure 
of the present embodiment, only an inter layer insulating film and 
the dielectric film 601 with a low refractive index are laminated on 
a contact hole formation region. Therefore, the dielectric film 
with a low refractive index made of the same material will permit an 
etching operation to be relatively facilitated. 

Subsequently, a second transparent conductive film made of a 
material having a high refractive index is formed and is then 
pat:terned, to thereby form the pixel electrode 604. Incidentally, 
the common electrode 602 is connected to a common line. 

It is preferable that the thickness of the common electrode 
602 (the first transparent conductive film) and the pixel electrode 
(the second transparent conductive film) 604, which are both used as 
parts of a reflection layer, are adjusted within a range from 50.5 
to 88.4 nm so as to obtain X/4 film in a visible light region 
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(400 nm < X < 700 nm) . 

Thereafter, an orientated layer 606 is formed thereon as in 
Embodiment 1 to prepare a first substrate (Fig. 6A) . 

Employment of such a structure shown in Fig. 6A allows the 
auxiliary capacitance 605 to be formed by the common electrode 602, 
the dielectric film 601 with a low refractive index, and the pixel' 
electrode 604. it is to be noted that the dielectric film 602 with 
a low refractive index may be formed with a capacitance even in a 
floating state. Hence, a capacitance may be formed between the 
common electrodes 602 that sandwiches therebetween the dielectric 
film 601 with a low refractive index. The auxiliary capacitance 605 
can be freely designed by optionally changing the material, film 
thickness, the number of laminated layers, and the like. 

Incidentally, a combination of the present embodiment with 
Embodiment 2 or 3 will be conceivable. 

Embod1nit>TH- 

In Embodiment 5, an example of the fabrication process is 
described in which the auxiliary capacitance is formed by using the 
pixel electrode, the dielectric film with a low refractive index, 
and the common electrode formed of a transparent conductive film! 
The present embodiment will be described with reference to Fig. 6B 
(capacitive configuration 2), in which a larger auxiliary 
capacitance is formed. Until a process shown in Fig. 3C, the 
fabrication process is the same as that of the reflection type LCD 
shown in Embodiment 1. Therefore, only different portions will be 
described. 

First, a structure shown in Fig. 3C is obtained using the 
same technique as that of the fabrication process shown in 
Embodiment 1. 

Subsequently, a film, such as an ITO film, formed of a first 
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transparent conductive film is formed and patterned to obtain a 
common electrode 612 which is then covered to form a dielectric film 
having a low refractive film 611. 

Then, after forming a first contact hole, a capacitance 
electrode 613 formed of a transparent conductive film is formed, and 
is connected to a drain electrode of a switching element. 

Thereafter, the dielectric film 611 with a low refractive 
index is formed over the capacitance electrode 613. Then, again, a 
film, such as an ITO film, formed of the first transparent 
conductive film is formed and patterned to obtain the common 
electrode 612 which is then covered to form the dielectric film 
having a low refractive film 611. 

Subsequently, after forming a second contact hole, the pixel 
electrode 614 formed of a transparent conductive film is formed by 
patterning, and is connected to the capacitance electrode 613. 

Incidentally, the common electrode 612 is connected to a 
common line. However, all the common electrodes are not necessarily 
connected thereto, but any of them may be appropriately connected 
thereto . 

The arrangement thus obtained by the above process makes it 
possible to form an auxiliary capacitance constructed by the pixel 
electrode 614, the dielectric film 611 with a low refractive index, 
and the common electrode 612, and to form an auxiliary capacitance 
constructed by the pixel electrode 613, the dielectric film 611 with 
a low refractive index, and the common electrode 612. 

As described above, a larger auxiliary capacitance without 
opening ratio being reduced according to the present embodiment may 
be particularly useful for a projector unit using a highly precise 
fine panel. 

Embodimen-h 7 
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In the present embodiment, an example will be described in 
which a TFT having a structure different from the structure of the 
TFT shown in Embodiment 1 is utilized as a semiconductor device for 
driving an active matrix. Incidentally, the TFT having the 
structure described in the present embodiment may be readily applied 
to Embodiments 2 to 6. 

In Embodiments 1 to 6, a coplanar type TFT that is a 
representative one of top gate type TFTs are described as an 
example. However, it may be replaced by a bottom gate type TFT. 
Shown in Fig. 7 is an example where a reversed stagger type TFT as 
an exemplary bottom gate type TFT is used. 

In Fig. 7, reference numeral 701 denotes a glass substrate; 
702 and 703, gate electrodes; 704, a gate insulating film; 705 and' 
706, active layers. Each of the active layers 705 and 706 consists 
of a silicon film in which impurities are intentionally not added. 

Reference numerals 707 and 708 denote source electrodes; 709 
and 710, drain electrodes; 711 and 712, silicon nitride films to be 
channel stoppers (or etching stoppers). That is, of the active 
layers 705 and 706, regions situated below the channel stoppers 711 
and 712 function substantially as channel formation regions. 

The above description is directed to the basic structure of 
the reversed stagger type TFT. 

In the present embodiment, that sort of reversed stagger 
type TFT is covered with an inter layer insulating film 713 comprised 
of an organic resin film so as to be flattened, a dielectric 
multi-layer film 716 (dielectric films 717 with a low refractive 
index and dielectric films 718 with a high refractive index) of the 
present invention is formed on the interlayer insulating film, and 
pixel electrodes 714 and 715 are formed thereon to form an 
orientated layer 719. 

Next, an example will be described in which an insulating 
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gate type field effect transistor (IGFET) is formed as a 
semiconductor device of the present invention. Incidentally, igfet 
is called also as MOSFET, and designates a transistor formed on a 
silicon wafer. 

In Fig. 8, reference numeral 801 denotes a glass substrate; 
802 and 803, source regions; 804 and 805, drain regions, a 
source/drain region is formed by adding impurities through ion 
implantation and diffusing the impurities thermally. Reference 
numeral 806 denotes an oxide for separating a device, which can be 
formed using an ordinal technique of LOCOS. 

^ate insulating film is denoted by reference numeral 807; 
gate elect>.^s by 808 and 809; a first interlayer insulating film' 
by 810; sourcXelectrodes by 811 and 812; drain electrodes by 813 
and 814. The to^e^fibf is flattened by a second interlayer 
insulating film 815^Mi0rm on the flattened surface a dielectric 
multi-layer film 812 (^electric films 819 with a low refractive 
index and dielectric filn\820 with a high refractive index) of the 
present invention and to foA^ji^ pixel electrodes 816 and 817. Then an 
orientated layer 821 is formec 

Incidentally, the present invention may be applied also to 
an active matrix display that uses a thin film diode, MIM device, 
varistor device, etc. other than IGFET, top gate type or bottom gate 
type TFT shown in the present embodiment. 

As shown in the present embodiment hereinabove, the present 
invention is applicable to a reflection type LCD using a 
semiconductor device having any structure. 

EmbodiTTi^nt ft 

The present embodiment explains the case in which a TFT is 
formed with different process from Embodiment 1 with reference to 
Fig. 9. Incidentally, the present embodiment is identical with 
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Embodiment 1 except that a part of which is different. 
^ ^ First, a structure sov^ in Fig. 3D is obtained in accordance 
th the process of Embodiment 1 . 

Subsequently, a reflection layer 1341 of a metal material is 
formed on the second insulating film. The reflection layer 1341 in 
the present embodiment is formed by patterning a metal film 
containing as a main component aluminum (film thickness of 200 nm) 
formed by sputtering. Incidentally, Fig. 10 shows one example of a 
pattern of the reflection layer, that is, it is necessary to form an 
aperture so as not to connect electrically with a switching element 
and a pixel electrode formed in the later process. 

The above-mentioned reflection layer 1341 is not 
particularly limited so long as it is a metal material having 
reflectivity, and it is preferable to use, for example, a high 
reflectivity white metal material such as aluminum, silver, rhodium, 
nickel, or an alloy material containing those as the main 
components . 

Next, the above-mentioned reflection layer 1341 is covered 
to form a dielectric film 1342. For the dielectric film 1342, any 
material may be used so long as it is a dielectric (insulating 
material) having transparency, in the present embodiment, a low 
refractive index dielectric material (SiOz) is used to enhance the 
reflectivity. 

It is desirable to use Si02, MgFj, NaaAlFg or the like for 
the above-mentioned low refractive index dielectric material, and it 
is desirable to use an orientated layer, acrylic, and polyimide 
(refractive index of 1.5 to 1.6) for other low refractive index 
dielectric materials. 

It is to be noted that it is preferable to adjust the film 
thickness of the above-mentioned dielectric film to form a X/4 film 



42 



in a visible light region (400 run < X < 700 nin) . The range of the 
film thickness of the dielectric film with a low refractive index 
(Si02) to form the X/4 film in the above-mentioned visible light 
region is 70 nm to 122 nm. For the dielectric film 1342 with a low 
refractive index, SiOj (refractive index of 1.43) is formed in the 
film thickness of 80 nm (Fig. ha) . Incidentally, reflectivity is 
enhanced with this dielectric film with a low refractive index and a 
pixel electrode formed later. 

Next, the formation of a contact hole for connecting the 
pixel electrode formed in the subsequent process with a switching 
element 343 is carried out (Fig. IIB) . 

Although, in the present embodiment, an interlayer 
insulating film 1337 and the dielectric film 1342 with a low 
refractive index are formed with different materials, in case of 
using the same material (a silicon oxide film, an acrylic film or 
the like), since the etching rate is identical with each other, an 
etching process can be performed readily and this is preferable. 
Incidentally, in case of using a different material, the etching 
process may be divided into a plurality of steps and carried out. 

Thereafter, a thick transparent conductive film (40 nm to 
150 nm) is formed, and then patterned to obtain pixel electrodes 
1338 to 1340 which are connected electrically with a switching 
element 1343 (Fig. IIC) . 

For the above-mentioned pixel electrodes 1338 to 1340, a 
material having enough transparency and conductivity, for exailple, 
ITO (indium Tin Oxide), SnOa (tin oxide), etc. may be used. 

It should be noted that it is preferable to also adjust the 
film thickness of the pixel electrode to form a X/4 film in a 
visible light region (400 nm < X < 700 nm) . The range of the film 
thickness of a material film with high refractive index (ITO: 
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refractive index of 1.98) to form the X/4 film in the above- 
mentioned visible light region, is 50.5 nm to 88.4 nm. 

If the film thickness is adjusted to the above-mentioned 
range, rays of required reflected wavelength band enhance with one 
another by an interference effect, thereby being capable of 
effectively reflecting the rays. In the present embodiment, the 
reflectivity can be enhanced by the dielectric film 1342 with a low 
refractive index having a film thickness of 80 nm and the pixel 
electrodes (material having a high refractive index) having a film 
thickness of 60 nm. Thus, a reflectivity substantially equal to the 
case where one set of a dielectric film with a low refractive index 
and a dielectric film with a high refractive index is formed on a 
metal film can be obtained. 

Incidentally, it is needless to say that the present 
invention is not limited to the material or the film thickness of 
each dielectric film described above, and it is possible to employ a 
structure in which the film thickness or the material of the 
respective dielectric films is appropriately changed to selectively 
set the reflection wavelength. Further, a process for forming the 
above-mentioned dielectric film may be carried out by using 
sputtering method, vacuum evaporation method, coating method, and 
the like. 

Further, as shown in Figs. IIA to IIC, the pixel electrodes 
1338 to 1340 and the reflection layer 1341 are insulated by the 
dielectric multilayer film 1342. Since there is no electrical 
connection therebetween, an auxiliary capacitance 1344 is formed due 
to a potential difference. Although not shown, preferably, a common 
potential is formed by connecting the reflection layer 1341 to a 
common line, resulting in a larger capacitance. 

Next, the orientated layer is formed by a well-known method, 
that is, the coating method in the present embodiment. 
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AS described above, fonnation of a pixel matrix circuit is 
completed. Practically, a driver circuit or the li.e for driving 
pxxel TFTs is simultaneously formed on the same substrate 

After forming the first substrate, an opposing substrate 
(thxs substrate is referred to as a second substrate in this 
spec:Lfication) in which a counter electrode is formed on a 
transparent substrate is adhered thereonto, and a liquid crystal 
layer is sandwiched therebetween. Thus, a reflection type LCD is 
completed . 

incidentally, this cell assembling process may be carried 
^ out in accordance with a well-known method. Further, it is possible 
j3 to dxsperse a dichroism pigment to the liquid crystal layer or to 
- for. a color filter on the opposing substrate, since the kinds of 
the liquid crystal layer, presence/absence of the color filter or 
the ixke is Changed depending upon by which mode the liquid crystal 
IS driven, the operator may properly decide it. 

: The reflection type LCD obtained by the above-mentioned 

forming process is shown in Fia q p-;^ a • 

own m Fxg. 9. Fig. 9 is a schematic sectional 

view of the present embodiment. 

in a liquid crystal display panel manufactured in the 
present embodiment, between a substrate 1110 and an opposing 
substrate 1119, a switching element 1111, an interlayer insulating 
fxlm 1112, a reflection layer II13, a dielectric film II14 with a 
low refractive index, pixel electrodes II15, an orientated layer 
1116, a liquid crystal layer 1117, an orientated layer 1116, and a 
counter electrode U18 are formed on the substrate llio in the 
Stated order. 

incidentally. Fig. 9 corresponds to Figs. UA to He x„ 
P«el electrodes 1115 in Fig. 9 correspond to the pixel electrodes 
1338 to 1340 in Fig. nc. The dielectric film IU4 with a low 
refractive index in Fig. 9 corresponds to the dielectric films 1342 
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in Fig. liA, and the reflection layers 1113 in Fig. 9 correspond to 
the reflection layers 1341 in Fig. ha. 

Employing a structure of the present embodiment, that is a 
structure shown in Fig. 9 is employed, the reflectivity of a range 
from 93% to 95% may be obtained. if such a structure in that the 
orientated layer is laminated, is employed, the reflectivity of 
about 90% may be obtained. 

Further, although it is not shown in the present embodiment, 
the color filter may be arranged between the opposing substrate and 
the counter electrode. 

,Q Embod-imgaiit 9 

ff in Embodiment 8, an example of the fabrication process is 

M described in which one layer of the dielectric film having an 
q adjusted film thickness and the pixel electrode are formed, a 
description will now be made of the present embodiment with 
reference to Fig. 13, in which a dielectric multilayer film (three 
layers) is formed on a reflection layer, until a process shown in 
Fig. 3D, the fabrication process is the same as that of the 
reflection type LCD shown in Embodiment 1. Therefore, only 
different portions will be described. 

First, a structure shown in Fig. Ha is obtained using the 
same technique as that of the fabrication process shown in 
Embodiments 1 and 8. 

subsequently, a dielectric multilayer film 1603 is formed on 
a reflection layer. A dielectric film with a high refractive index 
(TXO2: 50 nm in film thickness) and a dielectric film with a low 
refractive index (SiO^: 70 nm in film thickness) are formed on a 
dielectric film with a low refractive index (SiO^: 70 nm in film 
thickness). The respective thicknesses of the dielectric films are 
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adjusted so as to obtain X/4 film in a visible light region (400 mn 
< A. < 700 nin) . 

In the present embodiment, as the dielectric film with a low 
refractive index, siOz (a refractive index of 1.43 and a film 
thickness of a range from 70 nm to 122 nm) is used, while as the 
dielectric film with a high refractive index, TiOa (a refractive 
index of 2.2 and a film thickness of a range from 45.5 nm to 79.5 
nm) is used. 

As the dielectric material having a low refractive index 
other than SiOa employed in the present embodiment, MgFz, NajAlFe, an 
orientated layer, acryl, or polyimide (a refractive index of 1.5 to 
1.6) may be used. Further, as the dielectric film with a high 
refractive index other than Ti02 employed in the present embodiment, 
Zr02, Ta205, ZnS, ZnSe, ZnTe, Si, Ge, Y2O3, AI2O3 or the like may be 
used. 

It goes without saying that the present invention is not 
limited to the material or thickness of the above-noted dielectric 
films. It is possible to employ a structure in which the film 
thickness or the material of the respective dielectric films is 
appropriately changed to selectively set the reflection wavelength. 

Then, the dielectric multilayer film 1603 and an interlayer 
insulating film are etched to form contact holes, in the present 
embodiment, the dielectric multilayer film is wet-etched by using a 
hydrogen fluoride solution diluted to 1/100, i.e., an acid solution. 

A pixel electrode 1604 formed of a transparent conductive 
film is formed thereon. The pixel electrode may be made up of a 
material having sufficient transparency and conductivity such as ITO 
(indium tin oxide) and SnOj (tin oxide). The present embodiment 
adopts as the pixel electrode the ITO with a high refractive index. 
Thus, if the film thickness of the pixel electrodes is adjusted 
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within a range of 50.5 nm to 88.4 nm, a reflectivity substantially 
equal to the case where two sets of a dielectric film with a low 
refractive index and a dielectric film with a high refractive index 
are formed can be obtained (in calculation, a reflectivity of 94.7% 
with an orientated layer formed on the pixel electrode) . 

Thereafter, an orientated layer is formed thereon as in 
Embodiment 8 to prepare a first substrate. 

Incidentally, according to the present embodiment, the pixel 
electrode 1604 and the reflection layer 1602 are insulated by the 
dielectric multilayer film 1603. Since there is no electrical 
connection therebetween, an auxiliary capacitance 1605 is formed due 
to a potential difference. Although not shown, preferably, a common 
potential is formed by connecting the reflection layer 1602 to a 
common line, resulting in a larger capacitance. 

This arrangement allows reflectivity to be more enhanced 
than that in the prior art. 

Embodi ment 10 

In Embodiment 8, an example of the fabrication process is 
described in which one layer of the dielectric film having an 
adjusted film thickness and the pixel electrode are formed. A 
description will now be made of the present embodiment with 
reference to Figs. 14 and 15, in which a capacitance electrode is 
formed under an opening in the reflection layer. Incidentally, 
until a process shown in Fig. 3d, the fabrication process is the 
same as that of the reflection type LCD shown in Embodiment 1, only 
different portions will be described. 

First, a structure shown in Fig. 3D is obtained using the 
same technique as that of the fabrication process shown in 
Embodiment 1 . 

Subsequently, the inter layer insulating film 337 is etched 
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to form contact holes. A metallic film having a reflectivity is 
patterned to form a capacitance electrode 1702. 

It is preferred that this capacitance electrode is formed 
with at least a larger pattern than an opening in the reflection 
layer 1704 which will be formed in a later stage, and a portion 
where the capacitance electrode overlaps with the reflection layer 
1704 through the dielectric film 1703 is allowed to serve as a 
capacitance. Up to this stage employed is a traditional process in 
which the reflection layer is used as the pixel electrode. 

An acrylic film having a film thickness of 1 iim is then 
formed as the dielectric film 1703 (Fig. 15A) . For the dielectric 
film, any material may be used so long as it is a dielectric 
(insulating material) having transparency. In the present 
embodiment, CMP is used to apply a flattening process to the 
dielectric film, although not shown. 

The reflection layer 1704 made of a metal material is formed 
on the dielectric film 1703. The reflection layer 1704 according to 
the -present embodiment is formed by patterning a metallic film (200 
nm in film thickness) containing as a main component aluminum formed 
by sputtering method. Incidentally, as shown in Fig. 10 as an 
example of patterning the reflection layer, an opening is provided 
so as not to avoid the reflection layer from being electrically 
connected to the switching element and the pixel electrode that will 
be formed in a later stage. The capacitance electrode 1702 is 
provided under the opening. 

The reflection layer 1704 is not particularly limited so 
long as it is a metal material having reflectivity. For example, 
white metal material having a high reflectivity such as aluminxim, 
silver, rhodium, and nickel, or alloy material containing these as a 
main component, is preferably used. 

A dielectric film is formed over the reflection layer 1704. 
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For the dielectric film, any material may be used so long as it is a 
dielectric (insulating material) having transparency. However, the 
present emboddLment adopts a dielectric film 1705 with a low 
refractive index (Si02), in which a film thickness is within a range 

from 70 nm to 122 nm so as to obtain X./4 film in a visible light 
region (400 nm < X < 700 nm) , in order to improve the reflectivity 
(Fig. 15B). 

Subsequently, the formation of contact holes are completed 
(Fig. 15C). In the structure of the present embodiment, the 
capacitance electrode is allowed to function as an etching stopper, 
and therefore an etching operation will be relatively readily 
carried out. Preferably, the dielectric film 1703 and the 
dielectric film 1705 with a low refractive index are made up of the 
same material, so that an etching rate may be made identical, 
thereby readily forming good contact holes having less etch residue. 

A conductive film having transparency, for example, an ITO 
film in the present embodiment, is then formed to be 50 nm in film 
thickness, and is then patterned to form pixel electrodes 1706 to 
1708. The respective thicknesses of the pixel electrodes are 
adjusted so as to obtain X/4 film in a visible light region (400 nm 
< X < 700 nm) . The film thickness of the material film (ITO) with a 
high refractive index with which the dielectric multi-layer film 
becomes the X/4 film in the visible light region (400 nm < X < 700 
nm) , is within a range of 50.5 nm to 88.4 nm. 

Incidentally, it has conventionally been required that a 
light shielding film such as a black mask is formed in a gap defined 
between the pixel electrodes. However, according to the present 
invention, none of such a need exists, and the reflection layer and 
the capacitance electrodes 1702 formed below the opening defined 
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between the reflection layer have a function of positively shielding 
from light, thereby being capable of preventing light leak and the 
deterioration due to light at the switching element. 

The structure shown in Fig. 14 allows a first auxiliary 
capacitance 1708 to be formed by the reflection layer 1704, the 
dielectric film 1703, and the capacitance electrode 1702. it 
further allows a second auxiliary capacitance 1709 to be formed by 
the reflection layer 1704, the dielectric film 1705 with a low 
refractive index, and the pixel electrode 1706. 

Although not shown, a common potential is formed by 
connecting the reflection layer 1704 to a common line. The 
reflection layer can be formed with a capacitance even in a floating 
state. The auxiliary capacitances 1708 and 1709 can be freely 
designed by appropriately changing the material, film thickness, the 
number of layers to be laminated, and the like of the respective 
parts that constitute the capacitances. 

As described above, since larger auxiliary capacitances can 
be achieved regardless of the pixel area, the present embodiment may 
be particularly useful for a projector unit using a highly precise 
fine panels. 

Incidentally, a combination of Embodiment 10 with Embodiment 
8 or 9 will be conceivable. 

Embodimf^nl- T| 

In the present embodiment, an example will be described in 
which a TFT having a structure different from the structure of the 
TFTs shown in Embodiments 8 to 10 is utilized as a semiconductor 
device for driving an active matrix. Incidentally, the TFTs having 
the structure described in the present embodiment may be readily 
applied to Embodiments 8 to 10. 

In Embodiments 8 to 10, a coplanar type TFT that is a 
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representative one of top gate type TFTs are described as an 
example. However, it may be replaced by a bottom gate type TFT. 
Shown in Fig. 16 is an example where a reversed stagger type TFT as 
an exemplary bottom gate type TFT is used. 

In Fig. 16, reference numeral 1801 denotes a glass 
substrate; 1802 and 1803, gate electrodes; 1804, a gate insulating 
film; 1805 and 1806, active layers. Each of the active layers 1805 
and 1806 consists of a silicon film in which impurities are 
intentionally not added. 

Reference numerals 1807 and 1808 denote source electrodes; 
1809 and 1810, drain electrodes; 1811 and 1812, silicon nitride 
films to be channel stoppers (or etching stoppers). That is, of the 
active layers 1805 and 1806, regions situated below the channel 
stoppers 1811 and 1812 function substantially as channel formation 
regions . 

The above description is directed to the basic structure of 
the reversed stagger type TFT. 

In the present embodiment, that sort of reversed stagger 
type TFT is covered with an inter layer insulating film 1813 
consisting of an organic resin film so as to be flatten, a 
reflection layer 1822 and a dielectric film 1817 with a low 
refractive index of the present invention are formed on the 
interlayer insulating film, and pixel electrodes 1814 and 1815 
comprising transparent conductive film are formed thereon to form an 
orientated layer 1819. 

Next, an example will be described in which an insulating 
gate type field effect transistor (IGFET) is formed as a 
semiconductor device of the present invention. Incidentally, IGFET 
is called also as MOSFET, and designates a transistor formed on a 
silicon wafer. 

In Fig. 10, reference numeral 1901 denotes a glass 
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substrate; 1902 and 1903, source regions; 1904 and 1905, drain 
regions. A source/drain region is formed by adding impurities 
through ion implantation and diffusing the impurities thermally. 
Reference numeral 1906 denotes an oxide for separating a device, 
which can be formed using an ordinal technique of LOCOS. 

A gate insulating film is denoted by reference numeral 1907- 
gate electrodes by 1908 and 1909; a first interlayer insulating fL^ 
by 1910; source electrodes by 1911 and 1912; drain electrodes by 
1913 and 1914. The top thereof is flattened by a second interlayer 
insulating film 1915 to form on the flattened surface a reflection 
layer 1912 and a dielectric film 1918 with a low refractive index of 
the present invention and to form pixel electrodes 1916 and 1917. 
Then an orientated layer 1921 is formed. 

It is to be noted that the present invention may be applied 
also to an active matrix display that uses a thin film diode, MIM 
device, varistor device, etc. other than IGFET, top gate type or 
bottom gate type TFT shown in the present embodiment. 

As described in the present embodiment hereinabove, the 
present invention is applicable to a reflection type LCD using a 
semiconductor device having any structure. 

Embodiment 1? 

An example is described in which an AMLCD is formed by using 
a first substrate (an element formation-side substrate) that 
includes the structures shown in Embodiments 1 to 11. Here, Fig. 18 
shows an appearance of the AMLCD of the present embodiment.' 

In Fig. 18A, reference numeral 901 denotes an active matrix 
substrate, and a pixel matrix circuit 902, a source-side driver 
circuit 903, and a gate-side driver circuit 904 are formed thereon. 
It is preferable that the driver circuit is made up of a CMOS 
circuit in which an N-type TFT and a P-type TFT are complementarily 
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combined. Further, reference numeral 905 denotes a counter 
substrate . 

The AMLCD shown in Fig. 18A is formed by bonding an active 
matrix substrate 901 and the opposing substrate 905 while their end 
faces are aligned. However, a certain portion of the opposing 
substrate 905 is removed to expose the active matrix substrate, and 
an FPC (flexible print circuit) 906 is connected to the exposed 
actxve matrix substrate. This FPC 906 transmits an external signal 
to the inside of the circuit. 

Further, an IC chips 907 and 908 are attached by using the 
surface on which the FPS 906 is mounted. These IC chips are 
constructed by various circuits such as a processing circuit of a 
video signal, a timing pulse generating circuit, a y correction 
circuit, a memory circuit, and an arithmetic circuit which are 
formed on a silicon substrate. in Fig. 18A, an example is described 
m which two IC chips are formed. However, the number of the IC 
chips may be one, or a plurality of IC chips may be formed thereon. 

Further, the structure shown in Fig. 18B may be employed, 
in Fig. 18B, same reference numerals are given to the identical 
components, m Fig. 18B, an example is given in which a logic 
Circuit 909 formed by a TFT on the same substrate performs a signal 
processing that has been performed by the ic chip in Fig. 18A. m 
this case, the logic circuit 909 is basically made up of the CMOS 
Circuit as well as the driver circuits 903 and 904. 

Further, display of color may be performed by using the 
color filter, or the liquid crystal may be driven by an ECB 
(electric field control birefringence) mode, a GH (guest host) mode, 
etc. Without using the color filter. 

Emboriimont n 

The structure of the present invention may be applied to 
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other various electro-optical devices and semiconductor circuits 
other than the AMLCD. Examples of the electro-optical devices other 
than the above-mentioned AMLCD include a liquid crystal display 
device of a simple matrix type driver system, an EL (electro 
luminescence) display device, an image sensor, a DMD (digital 
micromirror device), and the like, in case of applying the present 
invention to the DMD, it is possible to apply to a small mirror that 
responds to an electric signal. 

In the present embodiment, an example is given below in 
which the present invention is applied to the liquid crystal display 
device of a simple matrix type driver system. 

Incidentally, a general simple matrix type liquid crystal 
display device takes such a structure that a substrate having a 
stripped electrode in an X-direction and a substrate having a 
stripped electrode in a Y-direction sandwich the liquid crystal 
layer. Further, in the simple matrix, a voltage is directly applied 
to the liquid crystal by opposed X-Y electrode. 

In the present embodiment, an example is shown in which the 
present invention is applied to an STN reflection type liquid 
crystal panel, a light reflection layer formed of a dielectric 
multilayer film, a first transparent electrode that is a stripped 
electrode in the X-direction, and an orientated layer are formed on 
a glass substrate (first substrate). Although the light reflection 
layer consisting of the dielectric multilayer film is formed 
downward of the transparent electrode in the present embodiment, it 
is not particularly limited. A second transparent electrode that is 
a stripped electrode in the Y-direction and the orientated layer are 
formed on the other glass substrate (second substrate). The two 
glass substrates are opposed to each other while a surface on which 
the orientated layer of the glass substrate is formed, is made 
inside. The interval of the glass substrates is secured by a cell 



55 



gap holding member, and an STN liquid crystal is sealed in the gap 
of these substrates . 

The method of forming the reflection type liquid crystal 
panel of the present embodiment is described hereinbelow. First, 
the light reflection layer consisting of the dielectric multilayer 
film is formed on the first glass substrate. 

As the material used for the above-mentioned reflection 
layer, Si02, MgF2, NaaAlFe, or the like are enumerated as the 
dielectric film with a low refractive index, it should be noted 
that for other low refractive index dielectric material, an 
orientated layer, acrylic, or polyimide (refractive index of 1.5 to 
1.6) may also be used. Further, TiOj, ZrOz, TajOs, ZnS, ZnSe, ZnTe, 
Si, Ge, Y2O3, and AI2O3, etc., may be used as the dielectric film 
with a high refractive index. Further, a transparent conductive 
film such as ITO (refractive index of 1.98) may be used as the other 
material having a high refractive index. 

In the present embodiment, as the dielectric film with a low 
refractive index, Si02 (refractive index of 1.43) is used, and as 
the dielectric film with a high refractive index, Ti02 (refractive 
index of 2.2) is used. 

The film thickness of the dielectric multilayer film is 
adjusted to form the X/4 film in a visible light region (400 nm < X 
< 700 nm) . The range of the film thickness of the dielectric film 
with a low refractive index (Si02) to form the X/4 film in the 
above-mentioned visible light region is within a range from 70 nm to 
122 nm. Further, the range of the film thickness of the dielectric 
film with a high refractive index (Ti02) to form the X/4 film in the 
above-mentioned visible light region is within a range from 45.5 nm 
to 79.5 nm. If the film thickness is adjusted to the above- 
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mentioned range, rays of required reflected wavelength band enhance 
with one another by an interference effect, thereby being capable of 
effectively reflecting the rays. In the present embodiment, the 
dielectric multilayer film is formed of, considering two layers of 
the dielectric film with a low refractive index having a film 
thickness of 70 nm and the dielectric film with a high refractive 
index having a film thickness of 50 nm to be one set with each 
other, four sets, that is, a total of eight layers (960 nm) . 

Next, a first transparent electrode is formed, in the 
present embodiment, an ITO film is formed in a film thickness of 100 
nm, and patterned to form a stripped transparent electrode. The 
transparent electrode extends perpendicular to a paper surface. 

Next, an orientated layer is formed. For a material of the 
orientated layer, a vertical orientated layer of polyimide type is 
used. This polyimide-type vertical orientated layer is formed on 
the first substrate by spin coat method, flexographic printing 
method, or screen printing method. 

Then, a processing to another glass substrate (second 
substrate) is described. The color filter is formed on the second 
substrate, and the color filter forms a protective film formed of an 
acrylic resin and an epoxy resin. m the present embodiment, the 
protective film is formed of an acrylic resin having a thickness of 
1 }jm. 

Next, a second transparent electrode formed of a transparent 
conductive film such as ITO (indium tin oxide) and SnOs (tin oxide) 
is formed. In the present embodiment, an ITO film is formed by 
sputtering and is patterned to form the stripped second transparent 
electrode. Then, an orientated layer formed of a polyimide-type 
vertical orientated layer is formed. 

Subsequently, a rubbing process is performed to the 
orientated layers formed on the first substrate and the second 
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substrate, respectively. The rubbing direction is one diagonal 
direction of the substrate, and the rubbing direction of the 
orientated layer is orthogonal in such a state that the first 
substrate is opposed to the second substrate. 

Then, a cell gap material is formed on one of one set of 
substrates, and a sealant to bond the substrates together is applied 
thereto, m the present embodiment, at a marginal part of the 
second substrate side, sealant consisting of an ultraviolet ray 
curing-type resin is applied while remaining liquid crystal 
injection inlet. Then, the first substrate and the second substrate 
are opposed to each other, the cell gap presses at a certain level, 
and the ultraviolet ray is irradiated thereto in this state to cure 
the sealing member. 

Next, the liquid crystal is injected from the liquid crystal 
injection inlet. Thereafter, the sealant is applied to the liquid 
crystal injection inlet, and the sealant is cured by irradiating the 
ultraviolet ray thereto to completely seal the liquid crystal in the 
cell. Then, a phase different plate, a polarizer, and a forward 
scattering plate are formed at the back surface of the second 
substrate, respectively. Through the afore-mentioned processes, the 
manufacture of a full color STN liquid crystal panel is completed. 

Incidentally, it is needless to say that so long as the 
simple matrix-type drive system liquid crystal display device has a 
reflection layer consisting of at least a dielectric multilayer film 
and a transparent electrode, the structure and the manufacturing 
process of the present embodiment are not limited. 

EmbodiTnP>r|t 14 

The AMLCDs shown in Embodiments 1 to 12 are utilized as the 
display in various electronic devices. The electric devices 
referred in the present embodiment are defined as products each 



58 



mounting a liquid crystal display device of active matrix type. 

AS the electric devices, a video camera, a still camera, a 
projector, a projection TV, a head-mount display, a navigation 
system for vehicle, a personal computer (including a notebook 
computer) and a portable information terminal (a mobile computer, a 
cellular phone) may be enumerated. Examples of those are shown in 
Figs. 19A to 19F. 

Fig. 19A shows a mobile computer consisting of a main body 
2001, a camera unit 2002, an image receiving unit 2003, an 
operational switch 2004 and a display device 2005. The present 
invention is applicable to the image receiving unit 2003, display 
device 2005, and the like. 

Fig. 19B shows a head-mount display consisting of a main 
body 2101, a display device 2102 and a band portion 2103. The 
present invention is applicable to the display device 2102. 

Fig. 19C shows a cellular phone consisting of a main body 
2201, a voice output unit 2202, a voice input unit 2203, a display 
device 2204, an operational switch 2205 and an antenna 2206. The 
present invention is applicable to the voice output unit 2202, voice 
input unit 2203, display device 2204 and the like. 

Fig. 19D shows a video camera consisting of a main body 
2301, a display device 2302, a voice input unit 2303, an operational 
switch 2304, a battery 2305, and an image receiving unit 2306. The 
present invention is applicable to the display device 2302, the 
voice input unit 2303 and the image receiving unit 2306. 

Fig. 19E shows a rear projector consisting of a main body 
2401, a light source 2402, a display device 2403, mirrors (such as a 
polarized light beam splitter) 2404, 2405 and a screen 2406. The 
present invention is applicable to the display device 2403. 

Fig. 19F shows a front projector consisting of a main body 
2501, a light source 2502, a display device 2503, an optical system 
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2504 and a screen 2505. The present invention is applicable to the 
display device 2503. 



CMOS circuits and pixel active matrix circuits produced by 
the embodiments of the present invention can be applied to a 
plurality of electro-optical devices (e.g. an active matrix type 
liquid crystal display, an active matrix type EL display, and an 
active matrix type EC display). That is, the present invention can 
be carried out for all the electric apparatus including such the 
electro-optical devices as display media. 

As such electronic apparatus, a video camera, a digital 
W camera, a projector (rear type or front type), a head mount display 
N (a goggle type display), a car navigation system, a personal 
q computer, a portable information terminal (mobile computer, portable 
P telephone, electric book, etc.) and the like are enumerated, 
a Examples of those are shown in Fig. 22A to Fig. 22F, Fig. 23A to 
tl Fig- 23D, and Fig. 24A to Fig. 24C. 

S 22A shows a personal computer which is constituted by a 

main body 3001, an image input portion 3002, a display device 3003, 
and a keyboard 3004. The present invention can be applied to the ' 
image input portion 3002, the display device 3003, and other signal 
control circuits. 

Fig. 22B shows a video camera which is constituted by a main 
body 3101, a display device 3102, an audio input portion 3103, an 
operation switch 3104, a battery 3105, and an image receiving 
portion 3106. The present invention can be applied to the display 
device 3102, the audio input portion 3103, and other signal control 
circuits . 

Fig. 22C shows a mobile computer which is constituted by a 
main body 3201, a camera portion 3202, an image receiving portion 
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3203, an operation switch 3204, and a display device 3205. The 
present invention can be applied to the display device 3205 and 
other signal control circuits. 

Fig. 22D shows a goggle type display which is constituted by 
a main body 3301, a display device 3302, and an arm portion 3303 
The present invention can be applied to the display device 3302 and 
other signal control circuits. 

Fig. 22E shows a player apparatus which is equipped with a 
recording medium for recording a program (hereinafter, called "a 
recording medium"). The player apparatus is constituted by a main 
body 3401, a display device 3402, a speaker portion 3403, a 
recording medium 3404, and an operation switch 3405. This apparatus 
includes a DVD (digital Versatile Disc), a CD and the like as the 
recording medium for appreciating music and movie, playing a game 
and internet. The present invention can be applied to the display, 
device 3402 and other signal control circuits. 

Fig. 22F shows a digital camera which is constituted by a 
main boy 3501, a display device 3502, an eyepiece portion 3503, an 
operation switch 3504 and an image receiving portion (not shown). 
The present invention can be applied to the display device 3502 and 
other signal control circuits. 

Fig. 23A shows a front type projector which is constituted 
by a ixght source optical system and a display device 3601, and a 
screen 3602. The present invention can be applied to the display 
device and other signal control circuits. 

Fig. 23B shows a rear type projector which is constituted by 
a main body 3701, a light source optical system and a display device 
3702, a mirror 3703 and a screen 3704. The present invention can be 
applied to the display device and other signal control circuits. 

Fig. 23C shows an example structure of a light source 
optical system and a display device 3601 in Fig. 23A, or 3702 in 
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Fig. 23B. Each of numerals 3601 and 3702 includes a light source 
optical system 3801, mirrors 3802, 3804-3806, a dichroic mirror 
3803, another optical system 3807, a display device 3808, a phase 
difference plate 3809, and a projection optical system 3810. The 
projection optical system 3810 is constituted by a plurality of 
optical lenses equipped with a projection lens. Such a projection 
system as shown in Pig. 23C is called a three-plate type since this 
structure includes three plates of display devices. Further, it is 
proper for a researcher to form, in an optical path indicated by an 
arrow in Fig. 23C, an optical lens, a film with a polarizing 
characteristics, a film to control a phase difference, an IR film. 



etc. 



Pig. 23D shows an example structure of a light source 
optical system 3801 in Fig. 23C. In this embodiment, the light 
source optical system 3801 includes a reflector 3811, a light source 
3812, lens arrays 3813 and 3814, a polarizing conversion element 
3815 and a condenser lens 3816. However, the present invention is 
not specifically limited by this embodiment because it is just an 
example. For example, in an optical path, an optical lens, a film 
with a polarizing characteristics, a film to control a phase 
difference, an IR film, etc. can be properly formed. 

While Fig. 23C shows an example of the three-plate type. 
Fig. 24A shows an example of single-plate type, a light source' 
optical system 3901, a display device 3902, a projection optical 
system 3903 are included in a light source optical system and a 
display device shown in Fig. 24A. it is possible to apply the light 
source optical system and display device shown in Fig. 24A to the 
light source optical system and display device 3601 shown in Fig. 
23A, or 3702 in Fig. 23B. Further, the light source optical system 
3901 can be applied by the light source optical system shown in Fig. 
23D. in addition, the display device 3902 is equipped with a color 
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filter (not shown), so that display image is colored. 

Fig. 24B shows an applied example of a light source optical 
system and a display device which is applied by Fig. 24A. Instead 
of forming a color filter, a display image is colored by RGB rotary 
color filter disc 3905. It is possible to apply the light source 
optical system and display device shown in Fig. 24B to the light 
source optical system and display device 3601 shown in Fig. 23A, or 
3702 in Fig. 23B. 

A structure of the light source optical system and display 
device, as shown in Fig. 24C is called as a color-filter less single- 
plate type. In this structure, a display device 3916 is equipped 
with a microlens array 3915, and a display image is colored by a 
dichroic mirror (Green) 3912, a dichroic mirror (Red) 3913 and a 
dichroic mirror (Blue). A projection optical system 3917 is 
constituted by a plurality of lenses including a projection lens. 
It is possible to apply the light source optical system and display 
device shown in Fig. 24C to the light source optical system and 
display device 3601 shown in Fig. 23A, or 3702 in Fig. 23B. 
Further, as the light source optical system 3911, an optical system 
having a coupling lens and a collimating lens other than a light 
source can be applied. 

As described above, the present invention can be applied in 
a large range, so that it is possible to apply to any electric 
apparatus in every field. In addition, the electric apparatus in 
the instant invention can be realized by using any structure 
combined with Embodiments. 

As described above, the present invention has wide 
application range so that it is applicable to electric devices of 
any field. In addition, the present invention may be utilized for 
an electric board, a display for advertizing or publicity, etc. 

In the present invention, the reflectivity of 90% or more is 
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readily attained by using a dielectric multi-layer film as a 
reflection layer, and by appropriately changing materials, film 
thickness, number of laminated layer or the like. The invention may 
therefore be applied as an liquid crystal display panel to wide 
range of electric devices. Employment of the arrangement according 
to the present invention makes it possible to obtain the 
reflectivity equal to or more than 90% and less than 100%, even when 
the orientated layers are laminated. 

In particular, a reflection type liquid crystal LCD of the 
present invention may realize high opening rate with the arrangement 
in which the dielectric multi-layer film is used as the reflection 
layer to form thereon the pixel electrode consisting of a 
transparent conductive film. 

Also, the pixel electrode consisting of a transparent 
conductive film and the common electrode consisting of a transparent 
conductive film can easily form the auxiliary capacitance with the 
dielectric multi-layer film that is the reflection layer being a 
dielectric . 

In the arrangement using as the reflection layer a material 
film that has reflectivity and is not connected to the pixel 
electrode and the switching element, pattern of the reflection layer 
is not necessarily be the conventional matrix-like pattern involving 
gaps (shown in Fig. 14). The leak of light can be therefore 
decreased and a large reflection area may also be obtained. 

The dielectric film (dielectric multi-layer film) and the 
pixel electrode of the above arrangement can protect the reflection 
layer . 

Also, without increasing the number of processes as compared 
with the conventional device, it is possible to obtain an increased 
reflection effect owing to the dielectric film and to readily form 
the auxiliary capacitance using the pixel electrode consisting of a 
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transparent conductive film and the reflection layer with the 
dielectric multi-layer film being a dielectric. 

The present invention can provide a novel liquid crystal 
panel with which display is bright and is clearly observed. 
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